An enzymatic, fluorometric method is described for determination of serum urea on silicone-rubber pads. In this method, the reagents are lyophilized on the surface of the pads, NADH on one side and a mixture of urease, glutamate dehydrogenase, and a-ketoglutarate on the other. The rate of disappearance of NADH fluorescence at 460 nm (excitation wavelength, 340 nm) is monitored and related to serum urea concentration. The calibration curve is linear to 250 mg of urea per liter. The method affords a rapid, simple, and inexpensive means for urea assay, the results of which correlate well with automatic diacetyl monoxime method (correlation coefficient, 0.998). 
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Determination
of serum urea is now the most popular screening test for evaluating renal function. A simple, rapid method with high precision and accuracy would be desirable for routine and emergency testing of serum.
Spectrophotometric
( [1] [2] [3] and modified fluorometric (4) cm linear recorder (Beckman Instruments, Inc., Fullerton, Calif. 92634) was used to display the results obtained.
Materials and Methods

Reagents
The fluorometer was standardized daily with a 0.24 sg/ml solution of quinine sulfate, made by diluting 0.6 ml of the stock quinine sulfate solution to 250 ml with 50 mmollliter H2S04.
Syringes (Hamilton Co., Reno, Nev. 89502) of 10-, 25-, and 100-zl capacities were used to apply serum, substrate, and water, respectively, to the pads.
Preparation of Silicone-Rubber Pads
The silicone-rubber pads were prepared by pressing uncured silicone rubber (3145 RTV adhesive/ sealant, gray; Dow Corning Corp., Midland, Mich. 48640) between a W-shaped Teflon mold ( Figure 1 ) and a Teflon-lined glass plate (20 cm X 4 cm). This glass plate was covered with "Strip Teese" Teflon tapes (Crawford Fitting Co., Solon, Ohio 44139), and two pieces of glassine paper (Eli Lilly and Co., supplied by Sargent-Welch Scientific Co., Skokie, Ill. 60076) were loosely placed, side by side, between the Teflon tapes and the glass plate. About two days were required to cure (harden) the rubber at room temperature.
The cured strip was removed, washed with acetone, then with water, and dried at 80 #{176}C for 1 h. Two strips, one from each side, could be made from the Teflon mold shown. The strips were cut into 6-mm lengths.
Preparation of Reagent Pads
The enzyme and NADH reagent solutions were prepared by adding 1.2 ml of ice-cold phosphate buffer (0.4 mol/liter, pH 7.6) to each individual vial and inverting the vial gently until solution was complete. Onto one side of the V-shaped surface of the pad, we applied 10 sl of the ice-cold enzyme solution; on the other side 10 zl of ice-cold NADH solution (as shown by the dotted circles in Figure 1 ). These pads were frozen in a freezer, then put into a desiccator and lyophilized under 65-80 kPa (500-600 Torr) vacuum for 2 to 3 h until the reagents were dried. About 80-100 reagent pads can be made from the contents of a pair of the reagent bottles, and more than 200 such pads can be prepared in one day. The dried reagent pads can be used immediately, or can be stored for later use. For storage, we placed four pads in a sealed vial. These vials were stored in a desiccator at -20 #{176}C. The reagents are on the surface of the silicone pads, where they are easily redissolved by addition of the sample to be assayed.
Assay Procedure for Standard Urea and Serum Samples
Before the assay, take the reagent pads from the freezer and allow them to come to room temperature Record the change in fluorescence at 460 nm (excitation wavelength, 340 nm) for 2-3 mm.
Plot the fluorescence change per minute (F/min) vs. the urea concentration (mg/dl) for a series of standard urea solutions or reference serum. The curve is linear from 0 to 25 mg/dl urea (Figure 2 ). Obtain the urea concentration of an unknown serum from the calibration curve.
The above procedure can be used directly to measure urea in untreated serum. A fivefold or greater dilution with water may be required for serum with abnormally high urea concentration.
Note: Ammonia in the air interferes. This procedure must be done in a room that is free of ammonia vapors. Resultsand Discussion
Analytical Variables
Reproducibility.
Many factors affect the reproducibility. Besides factors such as drop shape, sample volume, and pad shape as discussed by G#{252}ilbault and Vaughan (6), the lyophilization process requires special attention.
Drops of the two reagent solutions must be applied separately onto the top of the pads. Any direct contact between the two solutions results in a rapid loss of the reagent activity. Application of too high a vacuum tends to cause the solutions to bubble and splash, thus causing poor reproducibility. The reagent pads were lyophilized under 65 kPa (500 Torr) vacuum for the first hour, followed by 80 kPa (600 Torr) for final drying. We recommend that reagent volumes no larger than 15 l be used in spotting the pads. The long lyophilization time is caused by the moderate pressures used for drying, because the two reagent spots must not be allowed to converge. Identical results for urea analysis were obtained with either reagent solution or reagent pads with lyophilized reagents of the same concentration. This indicates that the reagents can be lyophilized on the surface of silicone pads without deleterious effect. such a mixture in water is only stable for about 6 h at room temperature and for about one day at 4 #{176}C (9). We found that the use of a highly concentrated buffer was required to maintain a constant pH and to increase the reagent stability. An activated substrate solution, prepared by mixing aqueous solutions of the two vials according to the manufacturer's instructions, had an initial pH of 7.7, which had decreased to 7.1 ten days later. Because the optimum reaction was at pH 7.6 in phosphate buffer (1), we used a 0.4 mol/liter phosphate buffer with this pH as the solvent for the substrate in this study. When the contents of the two vials were dissolved individually in the phosphate buffer and applied to different sides of the pads and then lyophilized, the pads were stable for at least three weeks without any deterioration when stored at -20 #{176}C in a desiccator (Table 1) .
Recovery.
Urea solution added to a serum samples to provide total urea concentrations as great as 21 mg/dl could be 96 to 104% accounted for analytically (Table 2) .
Comparison Study
Urea concentrations of fresh sera and commercial control sera were determined by the proposed method and the results compared with results by the diacetyl monoxime method performed by use of a Hycel Mark X multi-channel analyzer (10). Agreement was satisfactory (Table 3 and Figure 3 ) and the coefficient of correlation was 0.998.
Advantages of the Method
Although the time required for pad preparation is fairly long, no further reagent preparations are necessary after they are prepared; for an assay one needs only add serum and water to a pad that has been brought to room temperature. Manually, 150-200 pads can be prepared in one day; by automation, several thousands could be manufactured. Obviously, this method can be widely used for both routine assays and emergencies.
Furthermore, this method is much more economical than other reagent kit techniques. For example, 100 reagent pads for 100 assays can be prepared from the same amount of reagent required for five assays with the Calbiochem kit.
The method is much faster than conventional procedures-only 5 mm per assay once the prepared pad has been brought to room temperature. Values obtained by this method have good accuracy and precision and correlate well with those obtained by the standard spectrophotometric assay.
